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XSII I .  .-lit Expeuiwze,ttal Coiitpavison o j  the Viscous Pvopeuties of (a)  Carbo~ t  Dioxide 
and Sitrozis Oxide ; ( b )  Kifvogeu mtd Carboit Mouoxide.  By c. J. SMITH,  
BSc., A.R.C.S., D.I.C., Resendi  Sttident, Iiitperinl College of Science m i  
Tcilii~olngj~. 

1VI;U PfiBilKAltY 24,  l!I.'.'. 

ABSTRACT, 
The present Paper is ilie result cf nn experimeiitnl investigation to deterriiiiie tlic 

siscoiis properties of (a) carbon dioside and nitrous oxide, and ( b )  nitrogen and carbon 
monoxide. Direct comparisons have lieeii iiiade iii each case by observing the time 
w ~ p i r t d  b y  a mercury pellet t o  force nii eqnal wluiiie of gas through a capillary tube, 
at utiiii~splieric niid steniii teniporatures. For the above groups of gases the tiiiies of 
fnl! tor each gas are eqiial at l54 'C.  xnd I C l l J ~ U 0 ~ . ,  and lieiice, independently of any kno\v- 
lctlge of tlic aliiolute 1-iscosity, it hns 11cen proved that tlie viscous properties are ideiitical 
ovr.hy the nbo\-e tenip.mture range. Tile nlxolute viscosity lias been obtained by coiii- 
p.ii.isoii with xir, mid t lie menii :irc';~ of collisioii deduced by usiiig Chapman's formula. 

*rHE Lcn.ij-Langniiiir theory of molecular structure has received much confirmation 
trom thc cloic dcgrcc of equality which exists betnccn the physical properties o! 
{!z) c;u.boii dioxide and nitrous oside, and (b )  nitrogen and carbon monoxide. I!i 
his Paper,* aiiioiig other things, Langmuir showed, with the data then availablL', 
that tlic viscosities of nitrogen and carbon monoxide were approximately cqual at 
OX., ancl procccdj to say : " This evidence alone should be sufficient t o  prove that 
tlie structurc of the shell of the carbon nioiioxide and nitrogen molecules must be 
nearly the snmic.'' Similar considerations apply to  the other pair carbon dioxide 
and ilitrouj oxide. 

The nicrc fact that tlic viscosities of any pair of gases arc equal a t  a particular 
tcmpcraturc does not of itsclf support the view that the molecules in question have 
the 5mic arrangement of clectrons in the outer shell : for thcrc arc many cases of 
such equality in which there is no suggestion of molecular similarity : for example, 
tlie gases ethylene aiid cyanogcn at  1OO"C., and ethane and h!-drogen beion. 04°C. 
Iii ordcr to infer from viscosity data iclcntity of cstcrnal niolcnlar constitution, it 
is !lecessary to  be able to sho\v that the viscosities are equal a t  all temperatures, 
o t ,  i n  otlicr words, that  the viscosity a t  any particular temperature and the rate 
of c1ial:gc of viscosity with tcmpcrature should be tlw sanie for each gas. 

Tlic objcct of tlic present research was to cletcrIninc ho\v nearly these conditions, 
ar- fulfilled by the two pairs of gases under consideration, i.e., (a) carbon diosidc 
and nitrous oxide, and ( b )  nitrogen aiid carbon monoxide. Direct comparisons of 
the viscosities at both atmospheric and steam temperatures have been made in 
each case. The results support Langmuir's view to a much closer degree of approsi- 
matioii thait can be derived from thc figures which he himself quotes. I t  is found 
that nitrogen and carbon monoxide have the same viscosities both at 1 5 C C .  and 
a t  1004cC., to within two or three parts in a thousand. 

APPARATUS AXD 3rETHOD OF 0DSERT.ATIOS.  
Thc apparatus used has already been described clse\vhcrc.t Only a bricf 

description is necessary here. The viscometer is shown in Fig. 1, aiid it consists of 
a capillary tube and a piece of ordinary quill tubing which form a complete circuit. 

* I. Langinuir, Jourm hiuer. Clieiii. Soc., p. DU4 (1919). 
t -4 0. Railkine, Proc. Roy. Soc., Vol. LSSSIV. (1910), and -%. 0. Rankine andC. J .  Smith, 

t 'h l l  blag.. Vol. XLII., 11. (io1 (1031). 
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This quill tube contains a pellet of mercury which forces the gas in the-apparatus 
through the capillary tube. The apparatus was specially made for the purpose 
from tubes carefully chosen for uniformity and circularity of cross-section. QThe 
capillary tube had a mean diameter 0.19 mm., which did not vary by moreithan 
1 per cent. in a length of 80 cm. The fall tube was about 0.3 cm. in diameter. Atmo- 
spheric temperatures were observed by means of a calibrated mercury thermometer 

FIG. 1. 

inserted in the jacket, and stcam tcnipcratures were obtained from observations of the 
barometer. The steam was admitted at both ends of the jacket and escaped freely. 

In some recent experiments Professor Rankine and the author”’ found it necessary 
to modify the original method of observation in one important particular. I t  had 
always been fully recognised that  the full hydrostatic pressure, due t o  the weight of 
the mcrcury pellet, was never operative on account of the capillary effects due to  
the difference in curvature of the ends of the mercury pellet. Evidence ivas then 
obtained that the capillary effect changed with the gas in contact with the mercury 
pellet, and with the temperature. It also changed slowly with time. These effects 
have been confirmed in the present csperiments. 

* A .  0 .  Rankine, Proc. Roy. Soc.,\‘ol. I . ,SSSIV.  (IOIO), and .\, 0 .  Rankine and C . J .  Smith, 
Phil, JIag., Yd. S L I I . ,  p IiOI ( 1 9 2 1 ) .  
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The capillary effect can be eliminated almost, if not entirely, by making double 
jets of time observations ; first with the mercury pellet intact, and then with i t  
broken into two segments, each being approsimately half the whole pellet. Ex- 
periment has shown that the capillary effect is doubled when the pellet is broken 
into two segments, and trebled when the pellet is divided into three parts. Let 
the capillary effect be denoted by x ,  i.e., a certain fraction of the full hydrostatic 
pressure which would be operative if the capillary effect were absent ; and let t ,  and 
2 ,  be the observed times of fall between specified marks on the viscometer. Then 
a n  examination of the formula connecting the viscosity with the pressure difference 
and the time of fall shows that  if the temperature is constant, then 

(1 -x) t  , = ( 1 - 2x) t , 

15.0 160.2 
15.06 ... 
16.03 I ... 
15.9 ... 
15.9 ... 
15.0 
1543 

I 
~ 

160.5 
i6n..i 

01 

I 

161.0 1 *.. ... ... 
... ~ 167.1 ~ 168.4 
... 167.G 168.5 
... 1 167.6 168.2 
... 1 167.8 168.5 

1G1.3 ... ... 
1 G 1 . 7  , ... ... 

t .  -t x=?-l 
2t,--1, 

Therefore t,=16045 secs., t ,=16746 secs., giving for the capillary correction 
x=O8O406 

whence the corrected time of fall is 
t=154.32 secs. a t  1B.9°c. 

* A. 0. Rankine, Proc. Roy. Soc., .4. Tol, LSSSIII.,  p. 617 (1910). 
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The apparatus was cleaned with distilled water and absolute alcohol, and finally 
dried by being exhausted and connectcd t o  a bulb surrounded by liquid air. In 
order to obtain a smooth motion of the mercury pellet in the fall tube, it is necessary 
that the gases which are introduccd into the viscometer shall be quite dry, and 
special precautions were taken to  desiccate all the gases Irscd. It is worthy of note 
that although the apparatus rcmained in use for more than five weeks, the motion 
of the pellet was just as good at  the end of thc period as a t  the beginning. 

PREPARATIOS .AND ~ 'C 'RII~ICATIOS O F  THE GASES. 
(a) Aiv.-The air which \vas used as a standard, in order to be able to calculatc 

the absolute viscosity of tlie gases, was dried by being passed over phosphoru+ 
pentoside, and then through a spiral maintained at  - - S O T .  by means of a mixture of 
solid carbon dioxide ancl alcohol, bcforc being introduced into the viscomctu. 
This procedure removes the water vapour very effcctivcly. 

(b )  Carbon Dioxide.-The sample of carbon dioxide which was used was prc- 
'pared by the action of dilute sulphuric acid on pure anhydrous sodium carbonate. 
Possible traces of sulphur dioxide and water ~ v c r c  rcspcctivcly rcmovcd by passing 
the gas through a dilute solution of potassium permanganate, and then through 
concentrated sulphuric acid. The gas was then solidified in a U-tube surrouiided 
by liquid air, aiid samples were filially collected over mercury. Before introduction 
,into the viscometer the gas was again solidified by means of liquid air, aiid any 
permanent gases-the only likely impurities which may have remaincd i n  an!' 
quantity-were pumped off by means of a Toepler pump. When tlie liquid air ivns 
removed the carbon dioxide was collected in the pump, and then introduccd directly 
into the evacuated viscometer. All the CO, had not evaporated before the sample 
\vas introduced into the apparatus ; thus any impurity of higher boiling point would 
be retained in the condenser. 

(c) Si t rous  Oxide.-The specimen of nitrous oxide was obtained from a cyliiic1i.r 
,of the gas of commercial quality. The gas was allon-ed to bubble slon-ly through a 
solution of caustic potash and aiiotlier of ferrous sulphate, to remove traces of carbon 
dioxide and chlorine, and nitric oxide respectively, and then partially dried by 
bcing passed through a U-tube surrounded by a freezing mixture, and finally solidificcl 
in a U-tube maintained at liquid air temperature. The gas was collected ovcr 
mercury and introduced into the viscometer with the same precnutioni ns ivc're 
observed in tlic case of carbon dioxide. 

(d) Nitvogeiz.-Receiitly Waran * has described a method of making pure nitrogen 
in small quantities, which when examined spectroscopically is frec from hydrogen 
Attempts to use the same apparatus to obtain larger quantities of nitrogen resulted 
in the production of ammonia, as an impurity, in such great quantity that the process 
of purification was very laborious. The following modification of Waran's apparatus 
was therefore used. The portion of the apparatus A B C D was completely filled 
with dilute ammonia, and dilute bromine solution was placed in the thistle funnel 
above B. The delivery tube E dipped under an inverted tube F ,  and both were 
filled with recently boiled distilled water. The inverted tube F was closed b~. '  
means of a tap I<, aiid was connected to an exhausted glass spiral immersed in liquid 
air. When li was opened the nitrogen passed into the spiral, and most of the water 

* n'araii, Phil. >fag., .lug. [1921). 
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and possible traces of ammonia which might still be present would be retained in 
the spiral tube. The sample of gas was again purified by being passed slowly through 
a spiral tube immersed in liquid air, before being introduced into the viscometer. 

( e )  Carbon 1Monoxide.-This gas was also generated in the above apparatus, 
concentrated sulphuric acid replacing the ammonia and formic acid the bromine 
solution. It was observed that sulphuric acid attacked the tap  grease liberating 
carbon, so that traces of sulphur dioxide and carbon dioxide may a t  first be present, 

(a) 16.2 
( d )  18.2 

(b) 100.2 
(c) 100,O 

F 

133.90 I 139.75 0.0396 1 128.68 1 128.20 ~ a..  

134.56 140.16 0.0385 129.38 1 128.10 1 ... 
168.58 ~ 172.99 ~ 0,0249 164.38 1 '?'" 1 164.30 
167.90 171.76 0.0219 ... 164.20 

&lean 1 ... 

FIG. 2. 

in the carbon monoxide. These gases would certainly be removed by means of the 
liquid air. The gas was collected and purified as in  the case of the nitrogen. 

In Tables 11.-V. the letters in  column 1 indicate the order in which the 
RESULTS. 

observations were made. 
TABLE 11.-Carbon Dioxide. 

~ i m e  of fall (seconds). Capillary Corrected ~ Time at  
--_. correction time 1 Temp. 

(1). 1 15.0' C. ~ 100.Oo C 
(deg. C.) 1 Whole 1 Two 1 (%)+ 1 

pellet. segments. 
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I 

(a) 16.3 1 132.83 137.23 ~ 0,0311 
(d)  17.9 i 132.74 ~ 136.61 0.0275 

MY. C. J .  Smith o n  

128.70 1 128.18 ... 
129.09 ! 127.93 ... 
Mean 128.06 ... I 

TABLE III.--Nitrotis Oxide .  

(c) 99.6 167.06 

- 
I Time of fall (seconds). Capillary I , Corrected Time at 

correction 1 time I Temp. 1 I 

(deg. '.) 1 pellet. segments. 
Whole ' Two 

0.0201 163.70 ~ ... j lG3.86 
I > k a n  ... I 163.82 

correction time 
(4. I 15.00 c. 

I 

T m o 
Temp. - 

(deg. C.) IVhole 1 pellet. I segments. 10O~O0 c. 
1- 

15.9 [' 1G0.85 , 167.90 0,0406 1 152.32 153.96 
0,0401 ! 153.97 153.79 
0,0412 ' 154.12 153.92 
0.0401 i 156.28 153.84 

1 Mean 13'3.88 I 

0,0316 j 187.58 ... 
0,0306 ' 187.53 ... 

15.4 160.41 i 167.41 
(d )  19.5 160.74 ~ 167.96 
(e) 16.1 160.73 ~ 167.75 

~ 

( b )  100.0 193.68 200.21 
( f )  99.9 193.45 ~ 199.75 

I ~ l l ean  i ... --_-_ I 

Time a t  I I Capillary , Correctecl ~ 

T i m  of fall (seconds). 

Temp. TIvo j corr;z;;ion ~ time 
1 (4. 154°C.  ~ 100.O'C. I (deg. C.) ~ Whole 1 

pellet. seginents. ' I 

... ... ... 

... 

... 
187.5G 
187.59 1 
187.58 - 

(a) 18.2 ~ 1G1.90 I 109.28 ~ 0.0418 155.13 153.83 ... 
107.i3 ~ 0.04:'U 135,Ui 124.Uti ... 1 
108.29 ~ 0.0407 164.8:' I53.8G 

>lean 153.51:' ::: ~ 

190.40 j 0.0397 ~ 187.G3 ... 187.77 , 
... 187.98 ~ , 3feaii ... ' lSY.(iS j 

Throughout the foregoing tables the figures in the last two columns have beell 
obtained by applying the small corrections necessary t o  obtain values a t  the tno  
standard temperatures indicated, for purposes of comparison. Thc basis of the 
corrections is the observed temperature rate of change of the time of fall. 

i 

! (b )  18.5 ~ lli1.25 
' (d )  17.4 1G1.30 

(c) 99.7 193.39 
( e )  99.6 193.14 ~ 199.23 0.0296 ' 1Si.42 

EXAMINATION OF RESCLTS, 
Taking first of all the gases CO, and N,O, the mean values of the corrected times 

of fall are shown in Table VI. 

~- - 
TABLE YI.--Cnrbon Dioxide awl Nilrotis O x i d e .  

Teinp. ((leg. C.) Gas. I Time of fall ( s econd) .  It3 t io. 

I 1 
~ 1.001 

16.0 1 CO, 138.15\ 
~ S ? O  ~ i:'mc, j 

XJ 

I 
I C O 2  I ti4.23 ~ 

I 1.003 
I 103,SL'j 

lUU+! 

.-  

I - - 
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Here the time of fall is strictly proportional to the viscosity of the gas.* A 
careful examination of the detailed results shows that the experimental error is not 
likely to be more than 0.2 per cent. At 15.0"C. the ratio of the viscosities is closer 
t o  unity than this ; and even a t  100.O°C. the excess of 0.003 is not sufficient to make 
it safe to claim that a difference of viscosity has been detected. I n  any case the 
remarkable result emerges that both a t  15.0"C. and 1OO@C. the viscosities of carbon 
dioxide and nitrous oxide are equal to within 0.3 per cent. 

In  Table VII. the data for carbon monoxide and nitrogen are given. 
TABLE VI1  --CnrDoii J lo i io r ide  mid A ztvogeii .  

_-  -~ __ __ - 
' Temp (deg. C )  1 Gas. 1 Time of fall (seconds) Ratio 

- 

In  this case both ratios are nearer to unity than 0.2 per cent. ; so that we can 
say that  the measurements indicate a n  even more precise equality of viscous behaviour 
than in the previous case. 

Thus, these experiments prove, as closely as the method allows, that the two 
pairs of gases in question have, respectively, identical viscous properties a t  both 
atmospheric and steam temperatures. 

I n  these circumstances the proper course is to  disregard the small differences in 
the figures and to take the mean value of the times of fall as being a measure of the 
common viscosity. This has been done for the purpose of calculating Sutherland's 
constant, and the absolute viscosity by comparison with air. 

SUTHERLAND'S CONSTANTS, 
These h a y  been calculated directly from the ratios of the viscosities a t  the two 

tempeiatures, on the assumption that  Sutherland's law is valid. 
TABLE YIII .  

I 
- 

- h O Q  = _  ?IO0 i Sutherland's Constant. 
I 

- 1 .  I '15 716 (e). 

C O  m1<1xLrl 1.21!) 118 

Gas. 

CO, alld s,o 1 .-"so , 271 ~ 

1 

I 
.- .-. . - ~ 

Here it should be noted that the accuracy of Sutherland's constant is not great, 
bcing of the order of 5 per cent. For so small a temperature range the constant 
is very sensitive to variations of thc viscosity ratio, in which there is a possible error 
of 0.3 per cent. 

a4BSOLUTE V-ILUES OF 'THE VISCOSITIES. 

These have been obtained simply by comparing the times of fall iii the gases 
For this purpose inany observations with those of the same mercury pellet in air. 

* In general this wou;cl not be true. I3ut for gases, having as these have, the same density 
ani l  the swie approsinlate viscosity, their slil~liiiig coefficients are equal, and therefore do not 
:il?cct the above proportions. 

0 2  
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' CO,andN,O ~ 1.441 
CO and N? j 1.737 

- 
1.845 ' 1.388 3 i 4  
2,118 ~ 1.685 118 

DISCUSSION OF RESULTS. 
The value of the viscosity at O.O°C. for CO, and N,O obtained in this research 

is 1.366 x 10-4 C.G.S. units. Probably the most reliable previous measurements for 
these gases are those due to  Voge1.t His results are : for CO,, 7,=1.380 x 10-4 C.G.S. 
units, and for N,O, v0=1.362 x ~ O - ~  C.G.S. units. 

The absolute viscosity of nitrogen has recently been determined by Prof. Kia- 
Lok Yen$ in Millikan's laboratory, and he found q, ,=1.765~10-~ C.G.S. units, 
whereas the present result obtained by interpolation is ~ , , = 1 . 7 7 3  x 10-4 C.G.S. 
units. Vogel gives v , = 1 . 6 7 8 ~ 1 0 - ~  C.G.S. units, and for carbon monoxide qo 
=la672 x C.G.S. units. The common value shown in the above table is 1.665 
x C.G.S. units. 

Previous work on the variation of viscosity with temperature does not appear 
to have been sufficiently systematic to render of value comparisons with the present 
results. 

CALCULATION OF MOLECULAR DIMENSIONS. 
We can now proceed t o  calculate the mean collision area ('4) for the molecules, 

CO, and N,O, and CO and N,, by applying Chapman's formula in the manner 
previously indicated,§ and we find 

a%=04334~10-16  sq. cm. for CO, and N,O, 
and .&=0.767 ~ 1 O - l ~  sq. cm. for CO and N,. 

* A .  0. Rankine, Proc. Roy. Soc., A .  Vol. I,SXSIII., p. 517 (1910). 
'f H. Vogel, Berlin Diss. (1914). 
2 Kia-Lok Yen, Phil. Mag., Vol. XXXVJII., p. 593 (1919). 
I.4. 0. Rankine and C. J .  Smith, Phil. Mag., Vol. XLII., p. 612 (1921). 
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CONCLUSION. 

The fact that CO, and N,O (or CO and N,) have molecular dimensions which are 
identical within the accuracy of measurement is consistent with Langmuir’s view, 
to which reference has been made ; namely, that the outer electron arrangements of 
these molecules are the same. The present experiments indicate that  this is the case 
with considerably g r e a w  precision than could have been deduced from previous 
data. I t  should be remembered, however, that independently of any particular 
theory of molecular structure, it is unlikely that CO, or N,O (or CO and N,) would 
differ much in those physical properties-viscous behaviour being one-which 
depend on the total mass of the molecule and the number of electrons external to 
tlie nuclei. For CO, and N,O have equal molecular weights, viz., 44, and equal 
numbers of extra-nuclear electrons, viz., 16 ; and CO and N, both have a molecular 
weight of 28 and extra-nuclear electrons 10 in number. The equalities of apparent 
molecular size which have been indicated do not of themselves prove any special 
electronic arrangement ; but merely suggest that, whatever the arrangements are, 
they are nearly identical. 

To detect appreciable differences we should almost certainly have to examine 
properties dependent on the distribution of atomic nuclei in the molecules. For 
example we may expect differences in the molecular moments of inertia. The moment 
of inertia is almost entirely attributable to the masses of the nuclei of the constituent 
atoms, the electrons making an insignificant contribution to the mass. Even if the 
electrons in CO, and X,O (or CO and N,) are distributed in an identical manner, the 
molecular moments of inertia will be unequal on account of the differing masses of the 
atoms in the molecule. It seems probable that the spectroscopic method, applied by 
Imes* and others to the gaseous hydrogen halides, would lead to the discovery of such 
differences of rotational inertia. This would involve the measurement of the far 
infra-red absorption spectra for the gases in question, and the treatment of the 
results in terms of the quantum theory. 

In conclusion, I wish to  thank Professor Rankine for his unfailing help and advice 
while these experiments have been made, and also the Goveinment Grant Committee 
of the Royal Society for a grant which enabled the research to be undertaken. 

DISCUSSION. 
I’rof. -1. 0.  KAXKISE : The author, who has worked with praiseworthy perseverance, has 

succeeded in establishing beyond dispute a close identity in viscous properties between the two 
pairs of gases investigated. The rntios of the viscosities have been measured with an extremely 
high accuracy, since they are the ratios of times which are practically equal. For the absoh te  
viscosities, however, less accuracy must be claimed, as their measurement depends on the 
calibration of a stop-watch. It is reinarkable that  gases which resemble one another so closely 
in their physical properties should differ so widely in other-e.g., their physiological properties. 
It seems clear that  chemical and physiological properties are determined by the distribution of 
the nuclei, and are independent of the outer electron system. A further curious fact has been 
brought to light-viz., that Trhile the surface-tension effects of mercury are the same when in 
contact with various gases which differ videly in other respects, the behaviour of a mercury 
pellet in presence of CO2 is very different from that in presence of S20. Dr. Percy Phillips, in 
an unpublished investigation, attempted to obtain the variation of the viscosity of N,O in the 
neighbourhood of the critical state, but failed because the angle of contact of the mercury with the 
glass becanie 150 deg., so that  the gas slipped past the pellet, whereas no such difficulty had 
arisen in the case of CO, uear the critical state. 
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Dr. D. OWEN congratulated the author on his work, t h e  interest of which arose from t h c  
connection which the viscosity of a gas bore with the size and shape of the molecule. The anthor 
remarks tha t  all theories of atomic structure which identify the electron system of the moleculc 
of N, with that  of CO can equally claim the support. of his results. Hut since the Lewis-Langmnir 
theory does lead to a close equalityin structure in the  case of the gases in question, i t  seemed fair 
t o  place the  agreement found in the present Paper to the credit of that  theor!.. In regarding 
theories of the atom and molecule one wondered whether there were certain properties only 
esplicable on a statical theory, others requiring a d p a m i c a l  theory ; one \vas reniinded of t he  
apparent antinonly in the province of radiation between the undulatory and the  quantum theories. 
The accuracy obtained by the device of splitting the mercury pellet-Ti%., .B per cent.-is re- 
markably good. Even in very carefully cleaned tubes it appears that  the corrrction iii t he  case 
of a single pellet niay amonnt to 4 per cent., ancl it is subject of congratulation that  11y the  device 
of splitting thc pellet this has been reduced t o  (- per cent. H e  would like, in conclnsion, to  ask 
the  author whether he could give a simple physical interpretation of Sutherland's Constant- 
which has the dimensions of a temperature, and which appears so constant1)- in relation t o  
subjects like that  of the present Paper. 

Dr. F. L1. HOPWOOD remarked tha t  the suggestion hardly comtnended itself that  physio- 
logical properties depended on the nuclei, but rather on the coizfigrtvniioiz of the constituent atoms 
or shnpe of the molecule (as indicated by the esperiments of Prof. Hamburger). The author's 
results gave a measure of the mean collision m e n  of the molecule, and did not necessarily give 
any information concerning i ts  coufigirvnlioii. 

Mr. R. S. IVHIPPLK suggested that  a photographic method iiught lie of advantage in measuring 
the time of fall of the pellets. 

Dr. H. P. TVARAS : I ~ o u l d  sngpest that  the diificulty \~l i ich the author esperieiiccd in 
obtaining nitrogen free froni ammonia v a s  due to his using ton strong a solution oi the latter. 
X y  original apparatus can be modified liy im~vicliiig a siile tubc near tlic tulx. c' ,  Fig. 2 ,  and 
maintaining a steady flow of tlie reacting liquiils into and out of the apparatus. \-pry dilute 
ammonia can then be used, and thc trace of this substancc in the resulting nitrogen \vi11 he ho 
small that  it can be absorlied along with the vater  v;tpoiir by t h  p h o ~ p l i o r u ~  pentoside 
in the bulb be twen  li and 11, tlie parts E ,  I: being ~lispenswl with rogcii t l i i i h  oiitniuetl is 
spectroscopically pure, and any quantity can Iic generate11 

Ur. J .  S. G. T I I O ~ L ~ S  : The values of the yiscosities of gascs arc' of huch iiiiportaiiw io  ?as 
technologists that  results over a wider range of temperature \voulcl lic cstrciiiely v~i11i:ilile 'i'lie 
work of Stanton and I'aniiell on flour of gases, a n d  the formula deduced froin tlieir results b y  
Lees, constitute a very valuable contribution from pure science to  technolo 

accurate determination of viscosities of pure gases and misturcs a t  higher teinperaturc.: ~ ~ o u l d  
be of value not only from the point of view of the determination of atoinic structure, l int  also 
from the point of view of tlie practical application of the rcsults. 

The -4U'fIIO1t, replying t o  Dr. Oxen : The results which have becn obtained for CO, and 
K;?O (01 CO and N,) show that  the electronic configurations of these niolecules, as uearly as the 
precision of the method enables us t o  say, giye rise to  meail collision areas which are identical. 
Langtnuir places the extra-nuclcar electrons in the same positions for each pair of these gases, 
and hence the results support his theory, but they also support any theory of inolecular 
structure which places these electrons in identical positions. He  also says, however, that  the 
molecules of C O ?  and S,O would h a m  the same shape as three contiguous neon atoms hi a line. 
Professor Kankinc 110s ihinvn that this is the ciise. I t  is in this latter respect that  the  rcsults 
of the present rescarcli l c n i l  <h!iuitv s i i ~ i p r t  to thc I,e\\.is-I,illli'lllllir 



L’iscous Propevties o/ CO.,, N,O, CO a d  h-?. 
In regard to Sutherland’s constant C, which appears in the formula 

( k  =const. T=absol. temp.) 

C, as it stands in the formula, is clearly a temperature, and it is proportional to the work done. 
in separating two molecules originally in contact to an infinite distance apart. 

It may be of interest to  quote a remark by Dr. Osley which will be found in Sature ,  July 
21, 1921, p. 652 : “ On the cubical atom theory as developed by Lewis and 1,anginuir it appears 
that the molecules of CO2 and N,O have altiiost identical electron configurations. d. 0. Rankine 
has shown from viscosity data that  each electron system is equivalent to  that  of three adjoining 
neon atoms in line. The writer is not aware that  attention has been directed to the fact that 
the specific susceptibilities of gaseous CO2 and N,O are -0423X lo-* and -0.429X lee 
(T. Sone, Science Reps. Tohoku, 1-01, 1:111., p. 162, 1919, and Proc. Phys. and Math. Soc., Japan, 
Vol II., p. S4, 1920), and their niolecular susceptibilities -1S~OX I O . *  and -18.8X 10-6 
respectively. 

’ <  The electron systems of the two molecules are apparently identical, but the net positive 
charges on the nuclei are S-G-S for CO2 and 7 4 3 - 7  for S , O .  If, therefore, atomic nuclei 
possess rotations and are a source of magnetic moment, it must be assumed that  the redistribution 
of the positive charges in the illatiner indicated inyolves no change of angular inomeutum.” 


